The hazardous effects of current nanoparticle synthesis methods have steered researchers to focus on developing newer eco-friendly methods for synthesizing nanoparticles using non-toxic chemicals. Owing to the diverse applications of nanoparticles in various fields such as catalysis, medicine, diagnostics, and sensors, several novel green approaches have been explored for synthesizing nanoparticles using different natural sources such as plants, algae, bacteria, and fungi. Hence, in the present work, a green method for the synthesis of gold nanoparticles (AuNPs) under ambient conditions using aqueous extracts of marine brown algae is reported and the synthesized AuNPs were evaluated for their catalytic efficiency. The aqueous extracts of algae comprise reducing as well as capping agents required for the formation of AuNPs. The Fourier transform infrared spectra of the extracts revealed the presence of compounds having hydroxyl groups that are largely responsible for the reduction of auric chloride to AuNPs at room temperature. Results from high-resolution transmission electron microscopy and dynamic light scattering studies suggested that most of the biosynthesized AuNPs are nearly spherical in shape with an average size in the range of 27-35 nm. High negative values of zeta potential measurement confirmed the stability of AuNPs. Moreover, the reduction kinetics of AuNPs studied by UV-visible spectrophotometry showed that they have good catalytic efficiency in the degradation of dyes as well as reduction of nitro compounds in the presence of sodium borohydride as reducing agent. This simple process for the biosynthesis of gold nanoparticles is rapid, cost-effective and eco-friendly. The formation of AuNPs was observed with the change of pale yellow gold solution to ruby red color of gold nanoparticles and confirmed by surface plasmon spectra using UV-visible spectroscopy. Nanoparticles synthesized through such environmentally benign routes can be used for synthesizing many other metal nanoparticles as well as for a wide range of biomedical applications, for commercial production on a large scale and also can be used as efficient catalysts for different organic reactions.
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Introduction
Nanoparticles are gaining enormous research attention in various fields such as chemistry, physics, materials science, life sciences and engineering. This high interest in nanoparticles is because of their unique optical, magnetic, electronic and catalytic properties with their distinctive feature of size and shape [1, 2] . Many of the existing physical and chemical methods suffer from few drawbacks such as high cost, use of environmentally hazardous chemicals and non-availability for medical applications due to presence of toxic capping agents [3, 4] . These factors contributed towards exploration of new methods and materials for the production of nanoparticles based on the principles of ''Green Chemistry''. The emphasis in this approach is on the synthesis and application of the nanoparticles for a maximum societal benefit, with minimal impact on the ecosystem [5] . As both the synthesis and applications of nanoparticles are important, many researchers from both academic and industry are focusing towards biological systems such as plants, marine algae, fungi and bacteria for the production of nanoparticles [6] [7] [8] [9] . The compounds present in the extracts can act as reducing as well as stabilizing agents and render more biocompatibility to biosynthesized nanoparticles [10] .
Oceans are a rich source for many varieties of natural products. Seaweeds are one such variety that belongs to a group of plants known as marine algae [11] . Seaweeds are considered as a source of bioactive compounds such as proteins, lipids, carbohydrates, carotenoids, vitamins and many other secondary metabolites with a wide range of biological activities [12] [13] [14] . Few algae such as Acanthophora spicifera [15] , Chlorella pyrenoidusa [16] , Kappaphycus alvarezii [17] , Sargassum wightii [18] , Sargassum myriocystum [19] , Stoechospermum marginatum [20] and Laminaria japonica [21] have been used for the synthesis of stable and polydispersed gold nanoparticles.
The biosynthesized nanoparticles are even tested for their bacterial pathogenicity and other biological activities. Thus, algae stand as a prospective material for green synthesis of nanoparticles. One of the promising applications of gold nanoparticles (AuNPs) is in the area of catalysis and AuNPs can act as excellent catalysts for many organic reactions even at ambient temperatures. This unique property led many researchers to study the catalytic efficiency of gold nanoparticles. Aromatic nitrocompounds are one of the most commonly used chemical groups in the manufacturing industry and are extremely hazardous if released in environment. However, the reduced products of these aromatic nitro compounds are largely used in preparation of polymers, rubber products, hair dyes, as intermediates for drugs in pharmaceutical industry, etc. [22] . AuNPs act as efficient catalysts for this reduction process. Owing to the toxic effects as well as undesirable by product formation in the reaction medium, the chemically synthesized AuNPs are not suitable as catalysts for many industrial applications despite exhibiting high catalytic activity. Hence, there exists a boundless necessity to develop efficient catalysts through alternate methods for this chemical reduction which is very essential for beneficial applications. One of the major sources of environmental contamination is through dyes from the textile, paint, and paper manufacturing industries [23, 24] . Dyes belonging to the family of xanthines such as Rhodamine B, and Sulforhodamine are extremely harmful because of their severe ecological impact and are non-biodegradable. These dyes should be treated before discharging into the environment. Many physical, chemical treatment methods and biotransformation agents are being used for the reduction of these pollutants. But these are highly ineffective, do not totally eliminate and also involve high operational costs [25] . Hence, there is a need to develop inexpensive methods which degrade the dye molecules into non-toxic compounds.
In this regard, we report the synthesis of AuNPs using aqueous extracts of two brown algae Turbinaria conoides and Sargassum tenerrimum. The reported nanoparticles synthesis is very simple, efficient and economical. Though there are many reports on biosynthesis of AuNPs from natural sources, application-based reports are few and so we evaluated the biosynthesized AuNPs for their catalytic efficiency using nitro compounds and dyes as model substrates for decolorization. The AuNPs are characterized by UV-visible spectroscopy, high-resolution transmission electron microscopy (HRTEM), Fourier transform infrared (FTIR) and dynamic light scattering (DLS) with Zeta potential measurements.
Results and discussion
Biosynthesis of gold nanoparticles and UV-vis spectroscopy Aqueous extracts of T. conoides and S. tenerrimum were added into two separate flasks containing gold solution. The formation of AuNPs was confirmed by the development of ruby red or pinkish color which is a characteristic of AuNPs [26] . The color change from light yellow to ruby red or pinkish red is due to the excitation of surface plasmon resonance (SPR) in the gold nanoparticles induced by passing light and this observation was confirmed by UVvis spectral analysis [11] . Change in the SPR of AuNPs with respect to reaction time can be seen in Fig. 1 . Intensity of the color as well as the absorbance values increased gradually in the reaction medium along with the reaction time which implied an increasing AuNPs concentration and indicated continuous reduction of gold ions. AuNPs from T. conoides (Fig. 1a) showed a weak SPR band at 536 nm and after 90 min, a red shift was observed in SPR at 540 nm due to slight modification in the size and shape of AuNPs. Absorption spectra of AuNPs synthesized from S. tenerrimum are shown in Fig. 1b . The bioreduction of Au(III) ions and formation of AuNPs is confirmed by the gradual appearance of pinkish red color. A weak SPR band at 525 nm can be seen in Fig. 1b and after 60 min, a red shift to 547 nm was observed due to the formation of AuNPs. A gradual increase in the absorption intensity and saturation at absorbance value 2.069 indicate the complete reduction of gold ions in the reaction medium. The incubation period of 15 days did not show any considerable change in SPR intensity of T. conoides thereby ascertaining the stability of biosynthesized nanoparticles. However, with respect to S. tenerrimum, there was a slight decrease in the absorption intensity of AuNPs and broadening of SPR after an incubation period of 15 days. In Fig. 1 , the absorbance around 520-560 nm is due to the SPR exhibited by spherical nanoparticles. However, the spectral pattern in the near infrared (NIR) region shows a shoulder band around 750 nm which increased along with reaction time, thereby indicating that the biosynthesized AuNPs are also anisotropic in nature which is confirmed by TEM images. The biosynthesized AuNPs relatively show a sharper absorbance peak around 540 nm and a broader peak between 700 and 800 nm in Fig. 1b . Brown algal cell walls are rich in polysaccharides and so have abundant hydroxyl groups. Results from Mata et al. [27] confirmed the participation of hydroxyl groups during biosynthesis of AuNPs using Fucus vesiculosus. Fucoxanthins which are carotenoids rich in hydroxyl groups and are algal pigments can also contribute with respect to gold reduction as these have good reducing properties [28] . Fucoidans refer to a type of polysaccharide which contains considerable percentages of L-fucose and sulfate ester groups [29] . Results from [ [30] , [31] ] show that T. conoides has higher fucose content than S. tenerrimum. Hence, this may be the result for a faster formation of AuNPs in T. conoides. The plasmon absorption of AuNPs is dependent on particle size and nature of the nanoparticles can be qualitatively related to the shape of the resonance peak [32] . Sharp absorbance peaks are exhibited by small and uniform sized nanoparticles, whereas broad absorbance peaks imply a wider size distribution or aggregation of nanoparticles [33] . According to Mie's theory, spherical AuNPs exhibit strong absorption at 520 nm without any additional band; however, the triangular shape AuNPs absorb at 540 nm along with additional absorption in near infrared region. Anisotropic AuNPs give rise to more than one SPR band depending on the shape of the particle. The number of SPR peaks and the symmetry of nanoparticles are inversely proportional to each other i.e., as the number of SPR peaks increases, the symmetry of nanoparticles decreases [34] . Thus, spherical, triangular and other shaped AuNPs show one, two or more SPR peaks. Results from the present study show the presence of isotropic and anisotropic AuNPs as can be seen in Fig. 1 with two SPR bands. Anisotropic AuNPs have their characteristic absorbance in the NIR region and also they are more compatible for usage in many biological applications [35] .
Fourier transform infrared (FTIR) studies
FTIR spectral measurements on aqueous extracts of marine algae and the obtained AuNPs are carried out to identify the possible biomolecules that are responsible for the reduction of Au(III) ions as well as capping of the AuNPs. Figure 2a shows IR spectra of the aqueous extract of T. conoides with many prominent peaks containing diverse functional groups. Polysaccharides are rich in brown algae and so they have abundant hydroxyl groups. The broad peak around 3385 cm -1 in the IR spectra of aqueous extract of T. conoides corresponds to the existence of both -NH 2 and -OH groups. This broadness is due to the overlap of both O-H bond stretching of high concentration of alcohols or phenols and also the N-H stretch of 1°a mines. T. conoides is rich in polyphenolic substances [36, 37] and phytochemical investigation led to the isolation of sulfated polysaccharides [30, 38] . The presence of carboxyl groups on the surface of T. conoides as reported earlier [39] is confirmed by the presence of a strong band at 1602 cm -1 and a weak band around 1400 cm -1 due to the asymmetrical and symmetrical stretching of carboxylate ions. The peak at 1253 cm -1 denotes C-N stretching of aliphatic amines. The peaks at 1078 and 1043 cm -1 are due to the C-N stretching vibrations of aliphatic amines present in the algae. IR spectra of AuNPs in Fig. 2a showed weaker bands around 3385, 1602 cm -1 and suppressed band at 1253 cm -1 than compared with the extract. This observation revealed that compounds having amine and hydroxyl functional groups could possibly be associated in the reduction as well as stabilization of AuNPs which is in agreement with studies reported earlier [28, 40] .
IR spectra of the aqueous extract of S. tenerrimum are shown in Fig. 2b and previously reported studies showed the presence of various secondary metabolites such as amino acids, alkaloids, carbohydrates, flavonoids, saponins, sterols, tannins, proteins and phenolic acids from S. tenerrimum [41] . The presence of an absorption band at 3446 cm -1 is due to the N-H stretching vibrations of peptide linkages and O-H stretch vibrations of phenolic OH groups indicating the existence of polyphenols and phenolic acids. Peaks at 1610 and 1420 cm -1 are characteristic of COO -stretching of alginates [42] . The peak at 1321 cm -1 is due to C-N stretch of amine groups. It can be observed from Fig. 2 that FTIR spectra of aqueous extracts of both the species of algae appear almost similar and there exist some common absorption peaks. IR spectra for AuNPs synthesized from T. conoides look similar to that of the crude extract with a slight variation in the intensities and wavelengths. The peak at 3447 cm -1 has been shifted from 3385 cm -1 after reducing the chloroauric acid which indicates the capping with gold nanoparticles. Similarly, IR spectra in case of S. tenerrimum too show a large variation of intensity at 3446 cm -1 and almost similar absorption bands with that of the extract. Previous studies have shown that the hydroxyl groups have a stronger ability to interact with nanoparticles and therefore the secondary metabolites containing hydroxyl group may act as capping agents for the formation of stable gold nanoparticles [28, 43] . Both the brown algae studied are rich in polysaccharides [30, 31, 44] and these may be responsible for the formation of Fig. 2 FTIR spectra of a T. conoides aqueous extract and its AuNPs, b S. tenerrimum aqueous extract and its AuNPs stable gold nanoparticles. Also, it is apparent from Fig. 2 that the presence of different secondary metabolites with various functional groups in the aqueous extracts may act as reducing as well as capping agents for AuNPs. Figure 3 shows representative TEM images and the corresponding size distribution histograms of AuNPs synthesized from the aqueous extracts of T. conoides and S. tenerrimum. As shown in Fig. 3a , AuNPs synthesized from T. conoides are anisotropic. The AuNPs formed are polydisperse and shape disparity can be seen. Inset of Fig. 3a shows that the diameters of AuNPs vary from approximately 12 to 57 nm with average size of around 27.5 nm. Figure 3b shows the TEM image of AuNPs synthesized from S. tenerrimum. Inset of Fig. 3b indicates the AuNPs that have diameters ranging from approximately 5 to 45 nm and the average particles size is around 35 nm. From Fig. 3 , we observe a variation in particle size and AuNPs that are anisotropic. The effect of reducing agent ratio has been varied and the ratio of 4.5:0.5 (extract:gold solution) was found to produce stable AuNPs than other variations which gave fewer as well as unstable AuNPs.
High-resolution transmission electron microscopy

Dynamic light scattering (DLS) and zeta potential studies
DLS has been used to measure the particle sizes in colloidal solution and the size distribution data of AuNPs obtained at pH 7 from T. conoides and S. tenerrimum are shown in Fig. 4a, b . DLS analysis indicated that the hydrodynamic radius is 28.60 ± 20.65 (Z-average ± (SD) d nm) for the AuNPs synthesized from T. conoides with a polydispersity index of 0.521. The corresponding zeta potential and zeta deviation values are -26.3 and 27.5 mV. The average particle size distribution is 82.30 ± 52.82 (Z- [3] . The large negative potential value suggests the presence of negatively charged moieties in the extracts that confer electrostatic stability to the nanoparticles.
Catalytic activity of the biosynthesized gold nanoparticles
Reduction of nitro compounds (4-nitrophenol and p-nitroaniline)
To study the catalytic activity of the biosynthesized gold nanoparticles, we have chosen the reduction of nitroarenes (4-nitrophenol and p-nitroaniline) to their corresponding aminoarenes (4-aminophenol and p-phenylenediamine). Progress of the reduction reaction was visualized with discoloration of characteristic yellow color of the nitro compounds and the reaction was monitored with UV-vis spectroscopy as shown in Fig. 5 .
The maximum absorbance of aqueous solution of 4-nitrophenol (4-NP) was found to be at 317 nm and the addition of NaBH 4 caused a red shift in the absorbance from 317 to 400 nm. This is due to the formation of 4-nitrophenolate ion and is indicative due to the color change from light yellow to intense yellow. The absorption peak at 400 nm remained unaltered with time in the absence of nanoparticles, suggesting that the reduction did not take place. But with the addition of nanoparticles synthesized from the aqueous extract of T. conoides, the yellow color faded gradually to a colorless solution. The intensity of the absorption peak at 400 nm decreased gradually with the concomitant appearance of a new peak at 298 nm, corresponding to the formation of 4-aminophenol (4-AP) (Fig. 5a ) [45] . In this process of catalytic reduction, the nanoparticles transfer the electrons from BH 4 -ions to nitro compound, which was qualitatively monitored by UV-vis spectrophotometer. As seen in Fig. 5a , the presence of isosbestic points indicates that 4-NP is fully converted to only 4-AP and no side reaction took place [46] . The reaction was complete within 300 s at room temperature. Inset of Fig. 5a shows that the logarithm of the absorbance of 4-nitrophenolate at 400 nm (ln A) versus time showed a good linear correlation and the rate constant (k) was calculated to be 9.37 9 10 -3 s -1 . Furthermore, the same method was followed for evaluating the catalytic effect of AuNPs obtained from S. tenerrimum. The reaction was complete within 300 s and k value was determined to be 10.64 9 10 -3 s -1 (Fig. 5b) . The catalytic efficiency of the AuNPs obtained from both the species of algae was also examined for the reduction of p-nitroaniline (p-NA) in the presence of NaBH 4 . The absorption spectrum of a mixture of p-NA and NaBH 4 has shown a band at 380 nm. However, with the addition of AuNPs to the reaction mixture, the band at 380 nm decreased gradually, whereas a new band at 238 nm evolved gradually due to the formation of the reaction product p-phenylenediamine (p-PDA) in the solution (Fig. 5c, d) . Initially, the p-NA molecules are adsorbed on the surface of the gold nanoparticles which play an important role in the electron transfer process. The electron transfer occurs from the negatively charged BH 4 -to the p-NA via the AuNPs. The p-NA is then reduced to p-PDA. This has been observed by the slow disappearance of the characteristic yellow color of p-NA into colorless solution due to successful reduction reaction. The complete decolorization has been observed within 123 s in case of AuNPs synthesized from T. conoides and within 140 s with AuNPs synthesized from S. tenerrimum. The reaction rates have been calculated by taking the logarithm values (ln A) of absorbance at 380 nm with respect to time and the plots showed a good linear correlation. The k values for this catalytic conversion of p-NA to p-PDA were calculated to be 18.73 9 10 -3 s -1 for AuNPs synthesized from T. conoides (Fig. 5c ) and 16.07 9 10 -3 s -1 for AuNPs synthesized from S. tenerrimum (Fig. 5d) .
For the above reduction reactions, control experiments have been performed by taking water instead of nanoparticles solution. The yellow color of the nitro compounds solution has not changed which confirmed the catalytic role of nanoparticles. The concentration of NaBH 4 used in the reaction mixture is very much higher than the concentration of the nitro compounds. It is assumed that the concentration of NaBH 4 remains constant during the reaction and the reduction rate can be assumed to be independent of NaBH 4 concentration. In this context, the order of the reactions is considered to be a pseudo-first-order reaction. Results from present study showed better catalytic efficiency than previously reported studies under similar conditions. Biogenic AuNPs obtained from Breynia rhamnoides were evaluated for reduction of 4-NP [47] and the k value obtained was 7.66 9 10 -3 s -1 which is lesser than the values obtained for 4-NP reduction in the present study. The k values obtained for 4-NP reduction using poly(amidoamine) dendrimer-metal nanocomposites (silver, platinum, palladium) of different generations exhibited catalytic rates in the range 0.0263 9 10 -3 s -1 to 3.59 9 10 -3 s -1 [48] were lower than the results obtained in the present study with respect to reduction of 4-NP.
Results from the present study when compared with previous works are more promising for further application of AuNPs. Both 4-AP and p-PDA are very useful, and important as they are widely used as intermediates in organic synthesis. They are also used for preparing dyes such as azo dyes, sulfur dyes and fur dyes. 4-AP is used in the production of medicines such as paracetamol and clofibrate. p-PDA is also used in the manufacture of polymers, rubber antioxidants and as photo developer material [49] . The conventional methods for synthesizing aminobenzenes such as 4-AP and p-PDA suffer from the limitations of rigorous reaction conditions, high costs and tedious procedures. Thus, the above method is a green, simple and highly efficient one for preparing gold nanoparticles as the results are encouraging compared to those reported from the literature.
Reduction of organic dye molecules (Rhodamine B and Sulforhodamine 101)
The characteristic absorption peak occurs at 553 nm for Rhodamine B (RhB) in the UV-vis spectrum [50] and Fig. 6 shows the discoloration of RhB. In the absence of sodium borohydride, the reduction of dyes by AuNPs did not take place. The reduction process started spontaneously after mixing the dye solution with NaBH 4 along with catalytic amounts of AuNPs and the color of the dye faded gradually. The absorption spectra of RhB (k max 553 nm) degradation at different time intervals in the presence of AuNPs obtained from both T. conoides and S. tenerrimum are shown in Fig. 6 . The reaction rates have been calculated by taking the logarithm values of absorbance (ln A) at 553 nm wrt time and the plots showed a good linear correlation. Inset graphs in Fig. 6 show the corresponding ln A versus time (s) plot for the same and the rate constant value for the reduction. The same procedure has been followed for the degradation studies of Sulforhodamine 101(SRh and k max 586 nm).
The catalytic rates of the studied dye reductions are dependent on the nanoparticle concentration. For three catalytic runs, AuNPs concentration was varied while other conditions were kept constant. With increasing AuNP concentration, k increased (Figs. 6, 7, 8, 9 ; Table 1 ) due to increase in number of reaction sites. Table 1 shows that both the reduction time as well as the k values changed with varying amount of catalyst. The reaction rates are higher for 50 ll, medium for 25 ll and lower for 10 ll of catalyst added, thereby showing a dose dependency. The spectra obtained in Figs. 6, 7, 8 and 9 show that with decreasing absorbance at all wavelengths the dye molecules are getting decolorized completely without the formation of any side products. Earlier investigations reported that carboxyl, amino and hydroxyl functional groups act as efficient source for adsorbing dye molecules [51] . Results of FTIR spectra show the presence of hydroxyl, amino and carboxylate groups in the extracts as well as the synthesized gold nanoparticles. An efficient electron transfer occurs when the dye molecules are in contact with the surface of catalyst. During the reduction process, NaBH 4 molecules transfer electrons to the dye molecules via the gold nanoparticles and the dye molecules get reduced to give colorless solution.
Methods
Chemicals and materials
Chloroauric acid was obtained from SRL Chemicals, India. 4-nitrophenol, p-nitroaniline, Rhodamine B and Sulforhodamine 101 were purchased from Sigma Aldrich. The two species of brown algae S. tenerrimum and T. conoides were collected from Mandapam, South Coast of Tamilnadu, India. The algal materials were washed thoroughly with distilled water to remove debris and other associated biota. The samples were shade dried, powdered and stored at 4°C for further use.
Preparation of extracts
The powdered sample (1 g) of T. conoides was mixed with distilled water (20 ml), boiled for 5 min and filtered hot through Whatman No. 1 filter paper. The filtered extract was centrifuged at 5000 rpm for 10 min and the supernatant was used both as a reducing agent and as a stabilizer for preparing gold nanoparticles. The same procedure was adopted for preparing the aqueous extract of S. tenerrimum. When not in use, the extracts were refrigerated and stored at 4°C.
Synthesis of gold nanoparticles
Aqueous extracts (5 ml) of the algae were added to 1 mM aqueous AuCl 4 solution (45 ml) in a 250-ml Erlenmeyer flask. The flasks were kept on a magnetic stirrer at room temperature and the solutions changed to ruby red indicating the formation of gold nanoparticles. The reduction of Au 3? ions in the solution was monitored at periodic intervals with the help of UV-vis spectrophotometer (Shimadzu 2450). After the reaction reached saturation, the gold nanoparticles solution was centrifuged at 10,000 rpm (Beckman Coulter Avanti J-26SXPI) for 15 min and the obtained pellet was redispersed in distilled water to remove any uninteracted biomass. This process of centrifugation and redispersion was carried out twice to get a better separation of nanoparticles. The obtained nanoparticles were lyophilized using a MiniLyodel lyophilizer. Characterization studies
The biosynthesized nanoparticles were characterized by recording the UV-vis spectra at periodic time intervals until the absorption maxima reached saturation. Millipore water was used as blank and the UV-vis spectra were recorded from 300 to 800 nm operated at a resolution of 1 nm. The spectral data were plotted using Origin 6.0 version. To obtain the particle size and shape, the gold nanoparticles solution (1 ll) was placed on Formvarcoated grids, air dried and viewed at 100 kV to carry out transmission electron microscopy (JEOL 1010 TEM using a Megaview III camera and iTEM software) studies. The nanoparticle size distribution was determined using ImageJ software and the resultant data were plotted in histograms. The FTIR spectra of the lyophilized powders of both the aqueous extracts and AuNPs dispersion were recorded using KBr pellet method with Shimadzu IRAffinity-1 spectrophotometer. The spectra were recorded in the range of 400-4000 cm -1 and with a resolution of 4 cm -1 . The FTIR spectra revealed information about possible functional groups involved in the formation of AuNPs. The stability and size distribution of AuNPs were measured using DLS and zeta potential studies that were carried out using Zetasizer Nano S90 (Malvern).
Evaluation of the catalytic effect of synthesized gold nanoparticles
The catalytic decolorization reactions were carried out in a 3-ml quartz cuvette with a path length of 1 cm and were monitored by UV-vis spectrophotometer by following the method reported by Gangula et al. [47] . An aqueous stock solution of p-nitrophenol or p-nitroaniline (0.3 ml of 2 mM) was mixed with distilled water (1.4 ml) and then an ice cold solution of sodium borohydride (1 ml of 0.03 M) was added. To this, the biosynthesized nanoparticles dispersion solution (0.3 ml) was added and the contents were mixed well. The reaction progress was monitored by recording the timedependent absorption spectra in the range of 200-500 nm at room temperature.
The obtained nanoparticles were also used as a catalyst for the reduction of two different organic dye molecules Rhodamine B (RhB) and Sulforhodamine 101 hydrate (SRh) by following method reported by Siddhardha et al. [52] . An aqueous stock solution of RhB or SRh (2.5 ml of 10 -5 M) was added to ice cold solution of sodium borohydride (0.5 ml of 0.1 M) and to this, nanoparticles dispersions of different volumes (50, 25 and 10 ll) were added as catalyst. The mixture was shaken well and the reaction was monitored by UV-vis spectrophotometer in the range of 450-700 nm at room temperature.
Conclusions
The studies revealed that the aqueous extracts of brown algae (T. conoides and S. tenerrimum) can reduce Au(III) ions to gold nanoparticles (AuNPs) and also have the potential to stabilize them. The method followed for synthesis is very simple, cost-effective, efficient, non-toxic and eco-friendly. The biosynthesized AuNPs are of sizes ranging from 5 to 57 nm. The synthesized AuNPs act as efficient catalysts for the reduction of aromatic nitro compounds and organic dye molecules. AuNPs synthesized from T. conoides exhibited greater catalytic potential than S. tenerrimum. The present biosynthesis method can be extended for preparation of other metal nanoparticles which can be explored in future for quick organic synthesis and for a wide range of catalysis reactions. According to our knowledge, this is the first report dealing with the catalytic potential of biosynthesized AuNPs from T. conoides and S. tenerrimum.
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